. Phenetic affinities of males of the army ant genus Dorylus (Hymenoptera: Formicidae: Dorylinae). Can. J. Zool. 60: 2652Zool. 60: -2658 Multivariate analyses of males of 25 species of the Old World army ant genus Dorylus were used to investigate taxonomic structure inherent in the morphological data gathered. Results were compared both with the current subgeneric classification of this genus and with results from a similar study on the major workers. Males are phenetically more divergent than major workers. The subgenera Rhogmus, Alaopone, and Typhlopone appear deserving of continued individual status, but species of Anomma and Dorylus (s.s.) form one diverse taxon. Although the single species of Dichthadiu is relatively distinctive in this study, a conservative classification would place it with species of Dorylus (s.s. 
Introduction
The ants commonly referred to as "true army ants," and once placed in a single, presumably monophyletic group, are currently arrayed among two subfamilies (Snelling 1981) . The New World species belong to the subfamily Ecitoninae and the Old World species to the subfamily Dorylinae. This placement reflects the belief among contemporary myrmecologists that the New and Old World species are separately derived, i.e., that the army ant adaptive character complex arose at least twice independently and convergently among the ants. The Old World species are represented by two genera, Aenictus and Dorylus, and these genera themselves may embody distinct, convergent, army ant forms (Gotwald and Kupiec 1975; Gotwald 1982) .
Taxonomically the subfamily Ecitoninae has received thorough treatment and is not likely to require more than updating and phylogenetic reinterpretation in the near future (Borgmeier 1953 (Borgmeier , 1955 Watkins 1976 ). The Dorylinae, on the other hand, have been only partially reworked taxonomically. Wilson (1964) revised the Indo-Australian species of Dorylus and Aenictus but excluded the males from his revision. Because so few worker-male associations have been established among the Indo-Australian forms (taxonomy of army ants suffers from a myriad of species descriptions of unassociated phena), Wilson concluded that to include a separate male-based classification in his revision would eventually create too much nomenclatural confusion. Only the African forms of Dorylus and Aenictus remain to be revised. This paper is a contribution toward the revision of the former genus being conducted by the junior author.
The genus Dorylus is divided into six subgenera (Alaopone, Anomma, Dichthadia, Dorylus, Rhogmus, and Typhlopone). The continued subgeneric status of these six species groups must be examined in the context of phylogenetic conclusions drawn within the revision. Although queens, workers, and males of each subgenus generally possess distinct morphologies, the species of Dorylus and Anomma appear to form a single, diverse, but continuous taxon (Gotwald and Barr 1980) . Anomma 0008-4301 /82/ 1 12652-07$01 .OO/O workers belonging to a series of species referred to as the emeryi group are transitional between the morphological extremes of the two subgenera. The males of Anomma and Dorylus are quite similar, and unambiguous diagnostic characters that will distinguish one subgenus from the other have yet to be discovered.
In an effort to clarify the status of the subgenera, quantitative studies were first undertaken on the major workers (Gotwald and Barr 1980) . These studies revealed only four integral species clusters, and these corresponded to the subgenera Rhogmus, Alaopone, Typhlopone, and Dorylus (s.s.). This paper reports the results of an identical set of phenetic studies conducted on the males. Although the results are of intrinsic interest to the grouping of Dorylus species, they are also useful in demonstrating the degree of congruence achieved between independent studies of the two phena, i.e., of the workers and males. To the extent that congruence exists, the pragmatic value of phenetics to taxonomic revisions of groups containing unassociated phena can be determined.
Materials and methods
All methods used in this study were chosen to be consistent with, and thus comparable with, those described by Gotwald and Barr (1980) . In that earlier paper we discussed the analytical techniques in more detail and cited the reasons for our choice.
A set of 55 characters was used to describe the males of each of the 25 army ant species examined in the present study. Included were metric, meristic, and ordered multistate characters as well as several standard myrmecological indices. The male habitus is robust and wasplike (Fig. l) , with distinct morphological variations that correlate well with the current subgeneric groupings (see Figs. 2 and 3) . Mandible shape alone is sufficient to place most species in their proper subgenera (with the exception of species of Anomma and Dorylus) (Figs. 3, 4) . Male-specific characters are abundant. Those that are especially useful to the taxonomist are found primarily in the subgential plate (Fig. 4) , the genital capsule (Fig. 5) , and in the patterning of the wing veins (Fig. 6) .
We used the exemplar method of characterizing species by a selected male specimen representative of each species. Moss (1968) , among others, has reported on robustness of the exemplar technique. One complete analysis was performed on the full set of raw data. Then, to reduce the influence of size, all metric characters in the data set were transformed to ratios of profemur length (explained in detail by Gotwald and Barr 1980) . The transformed data set subsequently served as the basis for a second complete analysis. The full character set is listed in the Appendix, and those characters transformed to ratios for the second analysis are marked with an asterisk. A complete, 55-character, raw data set of scores for the 25 species of this study is available from either author upon request.
Data for all analyses were first standardized to deviations from the character mean in standard deviation units. The standardized data set was then used to calculate average taxonomic distance from each species to every other species and also the product-moment correlation coefficients between all species. The unweighted pair-group method on averages (UPGMA) was used on both of these similarity measures to cluster species, and the results of clustering were plotted in the form of standard phenograms. Standardized data also served as the basis for ordination procedures used to obtain a continuous view of species relationships free of the arbitrary boundaries imposed by clustering techniques. Two characters (33,47), however, were deleted from the data set for these analyses, because at least one species could not be scored for each. Principal components analysis (PCA) was used to array the 25 species in threedimensional attribute (A) space. Nonmetric multidimensional scaling (MDS) on average taxonomic distances was also carried out because its results are generally less affected by distortions inherent in the PCA ordination. The MDS ordination was subsequently rotated to alignment with the major axes of variation established by PCA. A minimum spanning tree based on average taxonomic distances served as an objective check on the apparent clusters produced by the MDS analysis and to assist in visualizing any remaining distortion. The MDS results were plotted as three-dimensional diagrams so that similarity of relationships could be more readily assessed visually. All procedures are discussed by Sneath and Sokal (1973) .
Computations were carried out on the IBM System 370/3033 computer at the University of Toronto. Clustering and ordination procedures were performed with the NTSYS package of programs (Rohlf et al. 1972 ). Representation of Because synonymic details of the pending Dorylus revision have yet to be finalized, species included in this study are referred to only by number. Species numbers and the subgenera to which they belong are as follows: 1-4, Alaopone; 5-8, Anomma; 9, Dichthadia; 10-14, Dorylus; 15-19, Rhogmus; 20-25, Typhlopone.
Results
As before (Gotwald and Barr 1980) , we have employed the multivariate procedures in this study in an exploratory rather than a confirmatory mode. We have sought to visualize the inherent taxonomic structure in our-data and from this to draw conclusions as to the relative phenetic affinities of the Dorylus species examined.
For several reasons which we have discussed previously (Gotwald and Barr 1980), we believe that analyses of our data where metric characters have been transformed to ratios provide the most reliable estimates of phenetic relationships. These results will be discussed fully here and form the basis for our major conclusions. Nevertheless, results of ,the analyses on raw data were examined carefully as well and were found to be similar to the results from the transformed data in most major respects. Most of the same species groups were recognized (particularly in UPGMA clustering on correlations), although intergroup relationships and placement of certain species varied.
All phenograms produced by the UPGMA technique were similar in general features, and those illustrated in are representative. The phenogram based on average taxonomic distances (Fig. 7) shows five distinct species clusters which mirror in part the subgeneric classification presently in use for this genus (see Gotwald 1982) . The four species of Alaopone in the study cluster tightly together and are seen to be closely associated with a similarly compact cluster of four Rhogmus spp. A fifth species of Rhogmus (No. 15) occupies a position separate from all others in the study. The six species of Typhlopone form a distinct cluster as well, but the remaining two subgenera, Anomma and Dorylus (s . s. ) , are split into two mixed clusters in widely separated positions on the phenogram. The single specimen representing the subgenus Dichthadia does not cluster closely with any other species and occupies a position coordinate with the subgenera Typhlopone, Rhogmus, and Alaopone.
The phenogram based upon correlation coefficients ( Fig. 8jshows the same We consider PCA analyses to be somewhat less reliable than those from the MDS procedure and have utilized them here primarily as an aid to establishing the three most significant axes of variation, to determine the relative contribution of different characters to these first three principal component axes and as a seed for the MDS analysis. The first three component axes generated in the PCA procedure accounted for 61.92% of total variation in the transformed data set, a reduction from the 75.76% for the first three component axes in the analysis of raw data. This reduction appears again, as we discussed previously (Gotwald and Barr 1980) , to result from the considerable reduction in explanatory value of the first component axis (29.4 vs. 50.56%) concordant with its change from being primarily an indicator of size differences to one of shape differences.
In the transformed data set, principal component axis I was influenced most heavily by characters expressing the relative size of major body regions: head, four characters; thorax, three characters; abdomen, two characters; legs, two characters. Loadings for all the more important characters on this axis were positive. Component axis I1 accounted for 23.49% of the variation in the data set. Important in separating species in this dimension were two relative size characters (flagellum, forewing cell 2) and several shape characters dealing with antennae, mandibles, wing veins, and genitalia. Component axis I11 accounted for only 9.03% of the total variation and was strongly influenced by fewer characters than the other two axes (mouthparts, wing venation, leg size, and genitalia). Surprisingly, the only pure metric character left in the analysis (No. 42, profemur length) had its major loading on axis 3, with a smaller negative loading on axis 2, and very light loading on axis 1. This latter result would appear to substantiate our view (Gotwald and Barr 1980 ) that transformation to ratios has effectively removed size as an overriding bias in the analyses.
Results of the MDS ordination are graphed in Fig. 9 . The major species groups detected in clustering can be seen here as well, but intergroup relationships vary somewhat, and an explanation for the variable clustering behaviour of certain species is evident. The five Typhlopone species (20) (21) (22) (23) (24) (25) show perhaps the highest group integrity by comparison with current classification, and members of this subgenus are separated by only a narrow yet relatively distinct gap from species of Dorylus (s.s.). The species of the subgenus Rhogmus (15-19) cluster well away from all other species in this study, although Rhogmus sp. No. 15 is seen to be highly distinctive and more distantly removed from its nearest neighbour than any other species in the study. Alaopone spp. 1-3 cluster together and occupy a position somewhat intermediate between species of Rhogmus and those of Dorylus (s.s.). Alaopone sp. No. 4 is in turn intermediate between the main group of Alaopone species and the Rhogmus cluster. The sole species of Dichthadia in the study occupies a highly distinctive position, mirroring its behaviour in the cluster analyses, and shows closest affinity with a loose group of species currently classified in Dorylus (s. s .). Species of Dorylus and Anomma, as might be expected from the cluster analyses, occupy two loosely associated and partially mixed clusters. Anomma spp. Nos. 5 , 6, and 7 cluster loosely as do Dorylus spp. Nos. 10, 11, 12, and 14 and Anomma sp. No. 8. Separate from these two groups but forming an intermediate link is Dorylus sp. No. 13. Figure 10 presents a schematic view of the phenetic affinities of the males of Dorylus species included in this study, based upon MDS ordination and the results of clustering, with the minimum spanning tree of nearest neighbour distances superimposed. Broken lines are used to encircle species groups defined in such a way that all nearest neighbour distances between circled groups exceed those among species within groups. This diagram then provides a basis for reassessing the he ~~~h l o~o n e group appears robust and distinct and should probably be retained. Its closest affinities are clearly with species of Dorylus (s.s.). The lone species in the subgenus Dichthadia appears to be sufficiently distinctive in these phenetic analyses to warrant at least continued subgene& status. s he species of Rhogmus included in this study clearly show a distinctive phenetic facies and apparently represent a distinct subgeneric unit. Rhogmus sp. No. 15, in spite of its highly distinctive phenetic position, should continue to be classified within that subgenus to avoid excessive splitting.
Discussion
-The klaopone cluster of species (1-4) is not as tight and distinctive as the subgeneric groupings discussed thus far. Nevertheless, species currently classified in this subgenus do have each other as nearest neighbours, and a conservative retention of the subgeneric grouping seems warranted on the basis of our present data. Species currently classified in the subgenera Dorylus (s.s.) and Anomma do not show clear subgeneric separation. They form a diffuse group which & elongated in the direction of principal component axis 11. Although the two extreme poles of this elongate grouping correspond to the existing subgenera, species are mixed at intermediate positions along the gradient. It would appear difficult to treat this group of species in any way other than classification in a single subgenus on the basis of the present study.
The current study is similar to that previously carried out on major workers of a number of species representing all existing subgenera of the genus Dorylus (Gotwald and Barr 1980) in providing support for the reality of the traditional subgeneric groupings Rhogmus, Typhlopone, and Alaopone. Both studies also detected considerable lack of structure in the species belonging to the two subgenera Dorylus (s.s.) and Anomma, whose component species form a mixed and loose association. In both studies, species of the subgenera Alaopone, Typhlopone, and Dichthadia had their closest relationship outside the subgenus with species of Dorylus (s.s.). In studies based upon the major worker, Rhogmus species also clustered most closely with Dorylus (s.s.) species, but in the present study Rhogmus is related to Dorylus by way of the intermediate position of Alaopone spp. Thus results from the two studies are largely concordant and appear to provide an increasingly stable basis for making final decisions on intrageneric classification.
Although phenetic studies are now available for two major phenotypic forms of the African army ants of the genus Dorylus, it would still be desirable to reserve final judgement on subgeneric classification until additional studies can be carried out on queens. Analyses of pooled data sets from several phenotypes should also be performed. Nevertheless, several clear strengths and weaknesses of the current classification are evident in our data at this point. Listing these now will serve as a convenient guideline to appropriate revisions to the subgeneric classification in future studies.
Integrity of the subgenera Rhogmus and Alaopone now seems unquestioned, and species of Typhlopone as well appear distinct although more closely related to species currently classified in the subgenus Dorylus (s.s.) than the first two groups. Dichthadia, while clearly separate from Dorylus (s . s . ) in the male, is not as distinct in the major workers, and this lack of concordance in degree of divergence suggests that a conservative treatment would include this species among those of Dorylus (s.s.). The current study provides a second basis of support for our earlier conclusion that the species currently classified as Anomma or Dorylus (s.s.) should be combined in a single taxon.
It is also clear from a comparison of the results of this study with those of Gotwald and Barr (1980) that phenetic divergence has been more pronounced in Dorylus males than is the case among major workers. This may be either because males are more subject to selection by character displacement (Brown and Wilson 1956 ) because of their sexual role, or because there are strong pressures for convergence of the major worker phenotype because of its intimate interaction with the environment in the army ant life style. For this reason, we recommend that results of the analyses of phenetic affinities of Dorylus males be treated conservatively, and that therefore radically divergent species such as Rhogmus sp. No. 15, Dorylus sp. No. 13, and the sole Dichthadia sp. No. 9 be assigned to the respective clusters with which they have closest affinity.
In summary, we see little reason to revise our earlier conclusion that one of the more realistic options available for the future would be to recognize only four integral species groups among species previously classified in the genus Dorylus. These groups might be named or correspond to the current subgeneric names Rhogmus, Alaopone, Typhlopone, and Dorylus (s.s.). A final decision on whether to regard these four groups at the generic or subgeneric level must still await extension of the present study to additional phena within the genus Dorylus and to other genera of the Dorylinae and Ecitoninae.
